Large amounts of national and transnational capital are currently being invested in mining projects located in the Atacama Desert, one of the driest deserts in the world. These projects require large quantities of water for their industrial processes. Water sources in the middle of this desert are extremely limited, despite many lakes, lagoons, salt lakes, and wetlands located on the Andean highlands, bordering its eastern side. Most of them are located in natural conservation areas or territories claimed by indigenous communities. Given the lack of superficial water, location of mining projects in northernmost Chilean regions are beginning to be increasingly located near ground resources and overlapping nature conservation areas, biodiversity protection sites, and communal lands claimed by indigenous peoples. At present, water withdrawal by mining companies has been favored by governments and legislation and supported by neoliberal mechanisms such as privatization and commodification of natural resources. On the opposing side, ecosystems and local communities have lost the battle, due to the increasing competition for water resources that is threatening the subsistence of living systems in this part of Chile.
INTRODUCTION
T he Atacama Desert, one of the driest in the world, located in northern Chile, bears witness to one of the greatest paradoxes that the country's development is currently facing. This paradox can be observed everywhere from capitalism and sustainable development. 1 This region corresponds to hyperarid landscapes where rainfall is only recorded certain years (La Niñ a years), and exclusively on mountains and highlands of the eastern slope of the Central Andes between 18 and 27°S ( Figure  1 ). Therefore, lowlands depend exclusively on water stored in freshwater and salt lakes and wetlands, which are essential for the conservation of nature and society, especially as they feed ground aquifers. The Atacama Desert is also the center of one of the most important reserves of mineral resources across the globe, 2 particularly copper, gold, silver, molybdenum, lithium, and other metallic and nonmetallic minerals. Currently, Chile supplies nearly 40% of the world copper production. At the same time, the price of copper has reached historical records caused by the process of Chinese industrialization Dr. Romero is a professor in the Geography Department, Faculty of Architecture and Urbanism, and Director of the Postgraduate School of the Universidad de Chile. Mr. Méndez and Ms. Smith are research assistants at the Environmental and Territory Lab, Faculty of Architecture and Urbanism, Universidad de Chile.
1 Anthony Bebbington, ''Contesting Environmental Transformation: Political Ecologies and Environmentalisms in Latin America and the Caribbean, '' Latin American Research Review, 44 (2009): 177-186 ; Hugo Romero Toledo, Hugo Romero Aravena, and Ximena Toledo Olivares, ''Agua, poder y discursos en el conflicto socio-territorial por la construcció n de represas hidroeléctricas en la Patagonia Chilena,'' Anuario de Estudios Americanos 66 ( Jul-Dec 2009): 81-103; Hugo Romero Aravena and Hugo Romero Toledo, ''Metabolismo y contradicció n entre las inversiones de capital y los usos y propiedad de las aguas en Chile,'' (presented at Conferencia Internacional da Rede WATERLAT, ''A tensã o entre justiça social e justiça ambiental: O caso da gestã o da água, '' Sao Paulo, Brasil, Oct 2010). that encourages the setting up of new sites which, in turn, require large amounts of water. For national and transnational mining companies and for the financing of the Chilean emerging economy, the production of minerals is a breakthrough opportunity that implies the exploitation of all available sources of water.
In 1981 the government's military dictatorship led by General Pinochet (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , enacted a new Water Code to deal with water resources in Chile. Although metaphorically they remained public goods, in practice they were commoditized and privatized, generating a free market for water rights by allowing the sale thereof, without any involvement of the State in its allocation. In the continuation of a historical process of deprivation, many indigenous peoples and rural communities lost their water rights because they were legally or illegally claimed or bought by mining and drinking water companies.
3 Water use rights were acquired in perpetuity and became the exclusive property of national and transnational private companies, while their former owners, communities of local and indigenous people, had to leave their lands, unable to survive without water on the marginal lands of the FIG. 1. Mining investments, wildlife conservation areas, and groundwater withdrawals in the Atacama Desert in 2010.
desert. Table 1 illustrates the diminution of rural population in the communes of Northern Chile between 1940 and 2002, according to data provided by national census. The next census will be applied in year 2012.
Land was separated from water to facilitate commercialization, and the government only passed an Indigenous People Law to protect the integrity of their territories and to reduce social and ecological impacts after 1990. In 2004, some small reforms were introduced in legislation, requiring owners to pay taxes if they did not use water in any economic activity during five years, in an effort to control speculation.
While market mechanisms to allocate water were managed efficiently from the economic point of view, they accumulated large negative impacts on local societies and natural landscapes. 4 Socially, communities without water were divided and lost control of critical resources in their territories, all of which has increased the processes of depopulation and land abandonment.
5 Environmentally, Andean wetlands are also essential components of the regional hydrological cycle, and concentrate biodiversity and environmental services in the border or in the middle of the desert. They have offered permanent native grasses and allowed the development of agricultural crops. These crops have sustained ancestral village settlements made up of indigenous communities, for whom land and water are indivisible goods, with high economic, social, cultural, and spiritual values.
Historically, mining has exploited surface water bodies, whose depletion and overexploitation have reduced availability and dramatically affected ecosystems and local communities. The new situation is the overexploitation of ground resources 6 whose extraction wells are located, especially in the areas around or in endorheic basins, on highlands, along the outlets of exorheic lakes, or in upwelling lowlands (Figure 1 ). To do this, national and international mining companies have traditionally appropriated water sources and more recently, they have acquired and bought in the market, the right of use of these waters from the indigenous and peasant communities. Sometimes, they have obtained these rights through the payment of compensation to local communities, for damages caused to wetlands and salt lakes that are used for irrigation and grassland purposes. Other times they have tried to get additional water rights by installing new wells, or through the regularization of illegal loggings. 7 In many cases, water extraction has taken place over areas claimed by indigenous communities, or which are part of the national system of wildlife protected areas.
The amount of water which is required for cooper extraction, processing, production and final disposal vary according to the kind of ore (oxide or sulphur) and geographical aspects, and could be estimated between 38.5 and 193.3 m 3 /ton of fine cooper, depending on available technologies and volume of production.
8 According to Gossjean et al. 9 water should be considered a fossil or non-renewable resource since most of it was stored in the ground around 18,000 years BP (before present) when rainfall was 300 or 400% over present figures and an optimum climate favored vegetation covers and ground recharge.
In 2008 pilot watersheds, including inputs provided by precipitation and upstream sources and outputs, such as evaporation, water withdrawals, and flows that go to other basins. Such data could be found as public information at the General Water Direction (DGA) and has been argued by several organizations, researchers, 11 and our own studies. Salar de Huasco, located in the Tarapacá region today shows a positive balance, mainly due to the inexistence of water extraction and it recently being declared a national park in 2008. There are some relevant differences in the amount of water withdrawals between public information and our own estimations. For example, we obtained negative balances in the Northern Group and higher values of negative figures at the Southern Group of watersheds, and especially at Maricunga and Pedernales salty lakes (Table 2) .
Thus, the boom in mining development that Chile experiences, has generated huge economic gains to the State and national and foreign companies, 12 but at the same time, degradation of ecosystems and the forced migration of populations of villages and settlements which cannot subsist with such scarce and erratic water supply. However, the current stage of water crisis triggered by mining is not the only reason to explain the abandonment of rural areas, which has been recorded since the early twentieth century (Table 1) . Other reasons for this migration have been the lack of jobs and facilities, and the increasing interest of communities in educating their children in nearby cities. Ethnic exclusion and the absence of public policies that promote the liability of rural towns and settlements have affected territorial equity, and clearly involved the State in the occurrence of socio-environmental injustices.
MINING DEVELOPMENT IN THE ATACAMA DESERT
Paradoxically, the extremely arid Atacama Desert is a region that concentrates large reserves of metallic and non-metallic minerals. During the nineteenth and early twentieth centuries, the exploitation of nitrate meant the emergence of many towns around the reservoirs, destruction of vegetation (fuel used) and drying of multiple sources of water. The replacement of natural salts by chemical ones, involved the abandonment of all of these landscapes and the consequence was the formation of ghost towns which have remained abandoned until today. Currently, these places concentrate some of the world's most important reserves of copper, gold, silver, molybdenum, and lithium, which have attracted large amounts of national and foreign economic investments. According to the U.S. Geological Survey, 13 Chile owns 30% of world cooper reserves.
Quantity and quality of Chilean mines and large investments have meant that national production has increased from 2 to 5.4 million metric tons between 1992 and 2009, 14 and that its exports represented 38.5% of total Figure 2 . Practically almost all large mining companies in the world (with capital from Canada, Chile, Australia, UK, Japan, USA, Switzerland, etc.) are developing their projects in Northern Chile in order to meet growing market demands worldwide, clearly impacted by the industrialization of China, which has raised the price of a pound of copper to about five dollars (five years ago, a pound was less than a dollar). Figures 1 and 3 show that one of the most significant interventions to confront the exhaustion, scarcity and irregularity of surface waters sources is the increasing opening of groundwater wells. Some of them are directly related to the presence of wetlands, and in, or around nature conservation areas, such as national parks, nature reserves, and priority sites for biodiversity protection. Other ground sources are situated along lowland areas of water upwelling, and many of them are part of communal territories claimed by indigenous peoples, leading in many cases to growing conflicts that challenge the environmental institutions and scientific knowledge of the area.
Nowadays, among the most critical areas we can mention Pampa del Tamarugal aquifer, located in the lowlands vicinity of Pozo Almonte, the uppermost section of Loa River watershed, and the higher basin of the Copiapó River (Figure 1 ). To the right of the map the use of groundwater properly extracted from highlands and from the rest of the regional territories is shown. As indicated, the Antofagasta region spends more than 8,000 l/ s of groundwater extracted from the highland plateau on mining activities. Tarapacá and Atacama regions, highland plateaus, are also the main regions for mining, while water taken from the rest of their territories can, especially in the case of the latter region, be used in agriculture, services, and tourism. Figure 2 presents economic investment projects which were implemented in 2010 in the four regions in which the Chilean Atacama Desert is located: Arica and Tarapacá (left), Antofagasta (center) and Atacama (right). In the Arica region, mining investments are, at present, very few, and, according to governmental and private company representatives, this is due to lack of water and because the main sources are considered to be public lands for the protection of nature and are territories claimed by Aymara communities. Currently, mining companies and the regional government are intending to disaffect 40,000 ha. of such areas in order to facilitate the establishment and expansion of mining operations in the Lauca National Park and Surire national reserve. 
ROMERO, MÉ NDEZ, AND SMITH
The Tarapacá region (capital city Iquique) concentrated major mining investments in the 1990s and, as a result, it faced severe conflicts between international entrepreneurs and local communities in relation to the possession of water rights and because of the negative ecological impacts caused by the drainage of wetlands, such as Lagunillas and Salar de Coposa. These still unsolved conflicts clearly showed the social and political insufficiency of legal and institutional mechanisms and procedures and could be understood as the preface of future, more complex, and generalized conflicts in the area. Mining activities have significantly reduced water availability to communities of farmers and pastoralists, forcing people to leave almost their entire crop areas, grasslands, and livestock circuits, and emigrate mainly to nearby sprawl cities (Arica, Iquique, Pica, Alto Hospicio, and Pozo Almonte).
Antofagasta region, on the other hand, has experienced the largest amount of mining investment during the past three decades. It has involved the extraction of surface and ground water from salt lakes, wetlands, and rivers located at the Andean highlands (Figures 2 and 3) . While the upper basin of the Loa River (the only river that flows into the Pacific Ocean and does not disappear while crossing the desert) has been, and currently is, the subject of many surface and groundwater withdrawals. Some parts of the upper section still remain as an area of nature conservation, where numerous wetlands survive as national parks and reserves or as priority sites for biodiversity conservation. However, decertification could again be considered a matter of time, given increasing pressures that confront Licancabur and Tatio National Park (where the major geysers in the country are found) or communal territories claimed by Atacameñ os indigenous people.
Groundwater withdrawals located in the upper basin of the Loa River, are, on the other hand, challenging the conservation of salt lakes like Aloncha, Carcote, and Ascotán; another critical condition could also be observed in the high concentration of wells in the regional southern part, affecting Huachalajte, Miñ iques, and Miscanti lagoons, and Tara, Aguas Calientes, El Laco, Punta Negra, Agua Negra, and Pajonales salt lakes. These examples confirm that the problem is becoming very difficult to solve under present legislation, and institutional, environmental, and sustainability development issues of overlapping areas of wetlands, biodiversity protection sites, indigenous and rural communities' claimed lands, and extraction of surface and ground water. Collisions are apparent everywhere, especially in the Loa River upper basin, in Salar de Atacama, and around Los Flamencos and Llullaillaco National Parks.
A third cluster of large economic mining associated investments are increasingly located in the Atacama region, moving towards the south, right on the search site for sources of water. One of the areas of greatest interest at present is located in the Copiapó River upper basin, which drains into the Paipote creek and commits the salt lakes of Pedernales and Maricunga, and Laguna Verde, near the mining town of El Salvador (Figure 1 ). While it is the least populated region which forms the Atacama Desert, the population is concentrated in the river valleys 
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that originate in the Andes; this means that agricultural, urban, and industrial activities would be severely affected by the extraction or pollution of the rivers. In this case, the main conflicts have been generated with indigenous communities, such as the Coya people, who inhabit the upper basin of Copiapo, and the people called AltoHuasquinos, who are located in the upper valley of Huasco, and with farmers in the irrigated lands of the middle sections of fertile valleys that specialize in export products.
CONCLUSIONS
Chilean society should reflect on what it has done and will do in the short and long terms in relation to the survival of unique ecosystems such as wetlands of the Andean highlands bordering the Atacama Desert. They should also make a decision about settlements and territories historically occupied by indigenous and rural communities in these landscapes. These decisions have to involve discussions about whether or not remaining natural areas, such as wetlands, lakes, and lagoons in the region of Arica, at the East of Calama, to the South of Antofagasta and at the highest section of the Copiapó Valley, should be conserved or not. The discussion must necessarily be around the environmental sustainability of highlands and must consider not only the economic benefits associated with mining activities, but also a socioenvironmental evaluation of who the winners and losers of these interventions have been up to the present date. Similarly, they should be clear about the social and cultural needs to preserve the settlements and territories of indigenous peoples, preventing its complete disappearance in the short term.
Chile urgently needs to implement laws and regulations related to land resources management to solve increasingly territorial collisions. Real preventive ecological and social assessments are required in regional and communal development planning, and strategical environmental assessments should be applied to such complex situations similar to those observed in the Atacama Desert.
Conservation of unique ecosystems and cultural landscapes located in the Andean highlands seem to be a major obligation priority that should be shared by the various social actors in the country. Public policies have to overcome exclusion and environmental injustices that have historically predominated in the occupation of these territories. The Water Code has commoditized and privatized hydric resources, producing negative effects from social and ecological points of view. This Code must be replaced by mechanisms and procedures that explicitly consider equity and social justice in the distribution of resources to properly assess environmental and social costs and benefits resulting from their assignment and to return the State's rights and institutional resources to administer the territories of the country under the umbrella of sustainability. Forty years of extreme liberalism applied to the development of these regions have left too many losses. If the pertaining political changes are not implemented as soon as possible, without any doubt we are going to repeat the desolation and abandonment characterizing the ghost towns that remained after the nitrate mining boom.
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